UNCLASSIFIED 


AD  NUMBER 

AD011098 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  29  MAY 
1953.  Other  requests  shall  be  referred  to 
National  Advisory  Committee  for 
Aeronautics,  Washington,  DC. 

AUTHORITY 

NASA  TR  Server  Website 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


AD  NUMBER 

AD011098 

CLASSIFICATION  CHANGES 

TO 

unclassified 

FROM 

confidential 

AUTHORITY 

31  May 

1965  per  dodd  5200.10. 

THIS  PAGE  IS  UNCLASSIFIED 


Reproduced  by 


DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


CONFIDENTIAL 


SECURITY  INrORruiAXION 

CONFIDENTIAL 


'ION  1 7 


Copy  IOJ 
RM  A53C19 


Oi  oo 


RESEARCH  MEMORANDUM 


EXPERIMENTAL  INVESTIGATION  OF  THE  EFFECTS  OF  PLAN-FORM 
TAPER  ON  THE  AERODYNAMIC  CHARACTERISTICS  OF 
SYMMETRICAL  UNSWEPT  WINGS  OF 
VARYING  ASPECT  RATIO 
By  Edwin  C . Allen 

v. 

Ames  Aeronautical  Laboratory 
Mpffett  Field,  Calif. 


clmbfbd  document 


Tm  mutual  ceottfea  Manattai  tiftctfi*  a»  MMkaal  Mmm  of  tto  MM  «Mm  wttbta  «M  wR 

ot™  SSSy I^ntii  u.  0j.c7»5.  mmt  m,  u»  *&**•<*  w*******  a any 

aun  to  MtMMhwlMd  ptraoo  U pnMMM  ty  tar. 


NATIONAL  ADVISORY  COMMITTEE 
FOR  AERONAUTICS 

WASHINGTON 

May  29,  1953 

_J MT^AL- 

CONFIDENTIAL 


NACA  RM  A53C19 


CONFIDENTIAL 


NATIONAL  ADVISORY  COMMITTEE  FOR  AERONAUTICS 
RESEARCH  MEMORANDUM 

EXPERIMENTAL  INVESTIGATION  OF  THE  EFFECTS  OF  PLAN-FORM 
TAPER  ON  THE  AERODYNAMIC  CHARACTERISTICS  OF 
SYMMETRICAL  UNSWEPT  WINGS  OF 
VARYING  ASPECT  RATIO 
By  Edwin  C.  Allen 

SUMMARY 


An  investigation  was  made  to  determine  the  effects  of  plan-form 
taper  on  the  aerodynamic  characteristics  of  a series  of  symmetrical, 
unswept  wings  having  thicknesses  of  8-percent  chord.  The  wings  were 
tested  in  combination  with  four  different  bodies  of  revolution  over  a 
Mach  number  range  from  0 . 40  to  0.94  with  a corresponding  Reynolds  number 
range  from  2.58  million  to  5-90  million.  The  lift,  drag,  and  pitching- 
moment  characteristics  are  presented  for  wings  having  aspect  ratios  of 
2,  3,  and  4 and  taper  ratios  of  0.20  to  1.00. 

The  drag-divergence  Mach  number  was  unaffected  by  taper  for  a con- 
stant aspect  ratio.  The  maximum  lift-drag  ratio  increased  when  the 
taper  ratio  was  reduced  from  1.00  to  either  0-50  or  0.20  for  the  aspect 
ratio  4 wings. 


INTRODUCTION 


A great  number  of  data  are  available  on  the  aerodynamic  character- 
istics of  tapered  wings  at  high  subsonic  speeds;  however,  these  data  are 
difficult  to  correlate  because  of  the  differences  in  testing  techniques 
used.  It  is  the  purpose  of  this  investigation  to  provide  comprehensive 
data  on  the  effects  of  plan-form  taper  on  the  aerodynamic  characteristics 
of  a family  of  symmetrical,  unswept  wings. 

Nine  wings,  in  all,  were  investigated,  three  aspect  ratio  4 wings 
having  taper  ratios  of  1.00,  0.50,  and  0.20;  three  aspect  ratio  3 wings 
having  taper  ratios  of  1.00,  0.60,  and  0.33;  and.  three  aspect  ratio  2 
wings  having  taper  ratios  of  1.00,  0.71,  and  0.50.  The  profiles  of  all 

CONFIDENTIAL 


Oltr* 


2 


CONFIDENTIAL 


NACA  RM  A53C19 


wings  Were  the  NACA  63AOO8.'  The  wings  were  tested  in  combination  with 
four  different  bodies  of  revolution  to  help  differentiate  between  the 
effects  of  taper  and  wing-body  interference. 
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NOTATION 

b2 

aspect  ratio,  — — 

drag  coefficient, 

body  drag  coefficient,  b°d-y,  drag_ 

qS 

lift  coefficient, 

qS 

pitching-moment  coefficient,  referred  to  0.25  c, 

pitching  moment 
qSc 


lift-drag  ratio 


Mach  number 

Mach  number  of  drag  divergence,  Mach  number  at  which 
dCD/dM  =0.1 

wing  area,  sq  ft 

airspeed,  ft/ sec 

wing  span,  ft 

local  wing  chord,  ft 


mean  aerodynamic  chord, 


o 


j b/a 

o 


c2dy 


c dy 


ft 


dynamic  pressure,  ^PV2,  lb/sq  ft 

spanwise  distance  from  plane  of  symmetry,  ft 

angle  of  attack  of  wing  reference  plane,  deg 
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^ taper  ratio 

p air  density,  slugs  per  cubic  foot 


acd 

Cp  minus  minimum 

CD 

dC^ 

da 

lift-curve  slope, 

per 

deg 

<*cm 

dcL 

pitching-moment-curve 

slope 

APPARATUS  AND  MODELS 


This  investigation  was  conducted  in  the  Ames  16-foot  high-speed 
wind  tunnel  using  26  wing  and  body  combinations. 

Three  basic  aspect  ratio  4 unswept  wings  having  taper  ratios  of 
1.00,  0.50,  and  0.20  were  constructed.  These  three  wings  utilized 
NACA  63AOO8  sections  and  all  had  the  3ame  areas  and  spans.  By  succes- 
sively cutting  off  the  tips,  the  following  aspect  ratios  and  taper  ratios 
were  obtained: 


Aspect  ratio 

Taper  ratio 

4 

1.00 

0.50 

0.20 

3 

1.00 

.60 

•33 

2 

1.00 

• 71 

•50 

The  wing  area  varied  not  only  with  aspect  ratio,  but  also  with  taper 
ratio  for  the  aspect  ratios  3 and  2 wings. 

The  wings  were  tested  in  combination  with  four  different  bodies  of 
revolution,  three  having  a fineness  ratio  of  9 and  one  having  a fineness 
ratio  of  12,  based  on  the  length  to  closure. 

The  equations  for  the  body  contours  and  the  principal  dimensions 
and  plan  forms  of  the  wing-body  combinations  are  shown  in  figure  1. 

The  models  were  supported  on  a sting  as  shown  in  figure  2.  The 
sting  was  of  constant  diameter;  3*25  inches,  for  a distance  of  18  inches 
downstream  from  the  base  of  the  bodies,  then  enlarging  conically  to  a 
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diameter  of  5*00  inches  at  a distance  of  4o  inches  downstream  from  the 
base  of  the  bodies.  The  aerodynamic  forces  and  moments  were  measured  by 
means  of  a strain-gage  balance  mounted  within  the  bodies. 


TESTS  AND  PROCEDURE 


The  aerodynamic  characteristics  of  the  bodies  and  the  wing-body 
combinations  were  investigated  over  a Mach  number  range  from  0.40  to 
0-94.  The  variation  of  Reynolds  number  with  Mach  number  for  the  various 
wings  is  shown  in  figure  3*  The  angle -of -attack  range  was  from  -6°  to 
18°  except  where  buffeting,  tunnel  power  limitations,  or  structural 
strength  of  the  model  reduced  the  upper  limit  of  the  range. 

The  test  data  have  been  reduced  to  standard  NACA  coefficient  form 
and  have  not  been  corrected  for  base  drag.  Base  pressures  of  the  four 
bodies  were  measured  and  are  presented  in  coefficient  form  in  table  I. 

A base  drag  could  be  computed  from  the  base  areas  of  the  bodies  and  the 
difference  between  the  measured  base  pressures  and  the  free-stream  static 
pressure.  For  the  aspect  ratio  4 wings  on  the  small  body  (fineness 
ratio  9) > this  base  drag  coefficient  would  be  0.0007  at  low  lift  coef- 
ficients and  Mach  numbers  up  to  0.92* 

Constriction  corrections  were  applied  to  the  tunnel-empty  calibra- 
tion according  to  the  methods  of  reference  1.  The  data  were  corrected 
for  tunnel-wall  effects  in  the  manner  described  in  reference  2. 

There  was  an  interaction  of  the  normal  force  and  pitching  moment 
on  the  chord-force  component  of  the  balance.  Since  this  interaction  did 
not  vary  systematically  with  lift  or  pitching  moment  and  was  not  always 
consistent,  no  correction  could  be  properly  applied.  It  is  believed 
that  such  a correction  would  not  have  changed  any  of  the  drag  coeffi- 
cients by  more  than  ±0.0010,  and  its  main  effect  would  have  been  to 
decrease  slightly  the  rate  of  change  of  drag  coefficient  with  lift  coef- 
ficient. 


RESULTS  AND  DISCUSSION 


The  lift,  drag,  and  pitching-moment  characteristics  of  the  wing- 
body  combinations  are  presented  in  figures  4 through  13 . 

The  variation  of  drag  coefficient  with  Mach  number,  measured  at 
zero  lift,  is  shown  in  figure  14.  The  Mach  numbers  of  drag  divergence 
at  zero  lift  (Mach  numbers  at  which  dCp/dM  = 0.1)  for  the  wings  in 
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combination  with  the  body  having  a fineness  ratio  of  12  are  tabulated 
below: 


Aspect 

ratio 

Taper 

ratio 

% 

4 

1.00 

0.85 

4 

.50 

.85 

4 

.20 

.85 

3 

1.00 

.86 

3 

.60 

.86 

3 

• 33 

.86 

2 

1.00 

.88 

2 

.71 

.89 

2 

• 50 

.88 

The  drag-divergence  Mach  number  can  be  seen  to  be  essenti&lly  unchanged 
by  taper  for  any  one  aspect  ratio  and  was  also  found  to  be  independent 
of  the  body  geometry.  With  a reduction  in  aspect  ratio,  the  Mach  number 
of  drag  divergence  was  increased  slightly. 

For  all  the  aspect  ratio  4 wings,  taper  had  little  effect  on  the 
minimum  drag  coefficient  (fig.  14)  below  the  drag-divergence  Mach  number, 
with  the  exception  of  the  wings  in  combination  with  the  body  having  a 
fineness  ratio  of  12.  No  logical  explanation  could  be  found  for  the 
differences  in  the  minimum-drag  values  of  these  combinations.  Above  the 
drag-divergence  Mach  number,  decreasing  the  taper  ratio  caused  a reduc- 
tion in  minimum  drag  coefficient.  For  the  wings  of  aspect  ratios  3 or 
2,  the  apparent  differences  in  minimum  drag  coefficient  due  to  taper  are 
mainly  due  to  the  differences  in  wing  area  relative  to  body  size.  The 
wing  area  not  only  varied  with  aspect  ratio,  but  also  varied  with  taper 
ratio  for  the  wings  of  aspect  ratios  3 and  2.  If  the  body  drag  coef- 
ficients (fig.  15)  are  based  on  the  respective  wing  areas  and  subtracted 
from  the  total  drag  coefficients  for  these  wing-body  combinations  from 
figure  14,  so  as  to  give  effectively  the  wing-plus-interference  drag, 
it  is  found  that  the  minimum  drag  coefficients  are  about  the  same  for  all 
taper  ratios  throughout  the  Mach  number  range. 

Figure  16  shows  the  variation  of  the  drag-due-to-lift  parameter 
(ACtj/Ct  2)  with  Mach  number  over  a lift-coefficient  range  from  0 to  0.45. 
Taper  nad  some  effect  on  this  parameter,  but  these  effects  followed  no 
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consistent  trend.  This  parameter  increased  with  decreasing  aspect  ratio 
and  was  independent  of  body  shape  for  any  one  aspect  ratio. 

The  variation  of  lift-curve  slopes,  at  zero  lift,  with  Mach  number 
is  shown  in  figure  17.  For  the  aspect  ratio  4 wings,  the  taper  ratio 
0.20  wing  had  a lower  value  of  lift-curve  slope  than  either  the  taper 
ratio  1.00  or  0.50  wing  up  through  a Mach  number  of  0.90.  The  lift- 
curve  slopes  of  the  taper  ratio  1.00  and  0-50  wings  did  not  vary  system- 
atically with  taper.  The  lift-curve  slopes  decreased  with  decreasing 
aspect  ratio;  however,  for  any  one  aspect  ratio,  body  geometry  had  no 
appreciable  effect  on  lift-curve  slope. 

The  variation  of  the  lift-drag  ratio  with  lift  coefficient  for  the 
aspect  ratio  4 wings  in  combination  with  the  small  body  having  a fine- 
ness ratio  of  9 is  shown  in  figure  18.  The  wings  of  taper  ratios  0.50 
and  0.20  exhibit  a higher  maximum  lift-drag  ratio  than  the  taper  ratio 
1.00  wings  for  all  the  bodies  in  combination  with  the  aspect  ratio  4 
wings.  The  effect  of  reducing  the  taper  ratio  from  0.50  to  0.20  on  the 
maximum  lift-drag  ratio  was  not  consistent  and  of  small  magnitude. 

Maximum  lift-drag  ratios  of  the  wings  of  aspect  ratios  3 and  2 could  not 
be  justly  compared  because  of  the  changes  in  wing  area  with  taper  for 
these  aspect  ratios. 

Figure  19  shows  the  variation  of  the  pitching-moment-curve  slope 
with  Mach  number  at  zero  lift.  It  should  be  noted  that  slopes  are 
shown  even  for  those  cases  in  which  the  curves  were  nonlinear.  At  zero 
lift  the  effect  of  Mach  number  on  the  aerodynamic -center  position  was 
almost  unchanged  by  variation  in  taper  ratio  for  any  aspect  ratio,  but 
the  variation  of  aerodynamic-center  position  with  Mach  number  was  reduced 
by  reducing  the  aspect  ratio. 


CONCLUSIONS 


From  the  tests  of  several  wings,  in  combination  with  four  different 
bodies  of  revolution,  the  following  conclusions  can  be  drawn  with  regard 
to  the  effects  of  taper  and  aspect  ratio: 

1.  Effects  of  plan-form  taper 

(a)  The  drag-divergence  Mach  number  is  essentially 
unchanged  for  any  one  aspect  ratio. 

(b)  The  lift-curve  slope  did  not  vary  systematically 
with  taper  ratio. 

(c)  The  effect  of  Mach  number  on  the  pitching -moment- 
curve  slope  at  zero  lift  is  unchanged  for  any  one 
aspect  ratio. 
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(d)  For  the  aspect  ratio  4 wings  the  maximum  lift- 
drag  ratio  increases  when  the  taper  ratio  is  decreased 
from  1.00  to  either  0.50  or  0.20. 


2.  Effects  of  aspect  ratio 


The  drag-divergence  Mach  rumber  and  the  drag-due-to- 
lift  parameter  increase  with  decreasing  aspect  ratio; 
whereas,  the  lift-curve  slope  and  the  variation  of 
aerodynamic -center  position  with  Mach  number  decrease 
with  decreasing  aspect  ratio.  All  these  effects  are 
consistent  with  trends  predicted  by  theory. 
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(a)  Aspect  ratio  4,  taper  ratio  1.00  wing. 


(b)  Aspect  ratio  4,  taper  ratio  0.20  wing. 


Figure  2.-  Two  typical  wings  in  combination  with  the  body 
having  a fineness  ratio  of  12. 
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Figure  3.-  The  variation  of  test  Reynolds  number  with  Moeh 

number. 
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Figure  4.-  The  lift,  drag,  and  pitching-moment  characteristics  of  the 

aspect  ratio  4 wings  in  combination  with  the  body  having  a fineness 
ratio  of  12. 
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Figure  6.-  The  lift,  drag,  and  pitching-moment  characteristics  of  the 
aspect  ratio  4 wings  in  combination  with  the  large  body  having  a 
fineness  ratio  of  !2. 
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(b)  Taper  ratio  0.50. 
Figure  6.-  Continued. 
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(c)  Taper  ratio  0.20. 
Figure  6.-  Concluded. 


A 

84 

0 

.86 

O 

88 

0 .90 

Ck 

.98 

.94 

CONFIDENTIAL 


(a)  Taper  ratio  LOO. 


Figure  7-  The  lift,  drag ; and  pitching-moment  characteristics  of  the 


aspect  ratio  4 wings  in  combination  with  the  cylindrical  body. 
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(b)  Taper  ratio  0.50. 
Figure  7-  Continued. 
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Figure  7-  Concluded. 
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(a)  Taper  ratio  LOO. 

Figure  8.-  The  lift,  drag,  and  pitching-moment  characteristics  of  the 
aspect  ratio  3 wings  in  combination  with  the  body  having  a fineness 
ratio  of  12. 
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(c)  Taper  ratio  0.33. 
Figure  8-  Concluded. 
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(a)  Taper  ratio  LOO. 

Figure  10.  - The  lift,  drag, and  pitching-moment  characteristics  of  the 
aspect  ratio  2 wings  in  combination  with  the  body  having  a fineness 
ratio  of  12. 
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(a)  Taper  ratio  I.OO. 

Figure  //.-The  /iff,  drag,  and  pitching-moment  characteristics  of  the 
aspect  ratio  2 wings  in  combination  with  the  small  body  having  a 
fineness  ratio  of  9. 

CONFIDENTIAL 


Lift  coefficient,  Cl 


CONFIDENTIAL 


NACA  RM  A53C19 


NACA  RM  A53C19 


CONFIDENTIAL 


iiiiiii 

!■■■■■! 


-8  -4 

0 

4 

8 12 

16 

20 

Anglo  of  attack,  a,  dog 

a of 

4 

4 

4 4 

4 

4 

4 

4 

4 

4 

forM  of 

0.40 

.60 

.70  .80 

.84 

.86 

.68 

.90 

.92 

.94 

tfil 


mi 


JMIlMHl 


lk*l 


■I 

!8s9I 

KSlSSi! 


O .02  .04  .06  .08  JO  J2  J4  J6  J8  .20  Drag  coofficiont,  CD 

**4  444444444 

t or  M of  0.40 .60  .70  .80  .84  .86  .88  .90  .92  .94 


/0rrrTT'f  n tt 


IlHLIk 


m 

5S355S| 

ill 


.08  .04  0 -.04  -.08  Pitching-momont  coofficiont,  Cm 

H j M 4 H 

for  M of  0.40.60  .70  .80  .84  .86  .88  .90  .92  .94 

(c)  Taper  ratio  0.50. 
Figure  Ur  Concluded. 
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_ (a)  Taper  ratio  I.OO. 

Figure  !2.-  The  lift,  drag, and  pitching-moment  characteristics  of  the 
aspect  ratio  2 wings  in  combination  with  the  large  body  havina  a 
fineness  ratio  of  9. 
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Figure/3.-  The  lift,  drag,  and  pitching-moment  characteristics  of  the 
aspect  ratio  2 wings  in  combination  with  the  cylindrical  body. 
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(b)  Taper  ratio  0.50. 
Figure  13.-  Concluded. 
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Figure  14-  The  variation  of  drag  coefficient,  at  zero  lift  with 
Mach  number  for  the  wing-body  combinations. ' 
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(b)  Aspect  ratio  3. 
Figure  !4.-  Continued. 
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Figure  15 -The  variation  of  minimum  body  drag  coefficient  with 
Mach  number  for  the  aspect  ratio  4 wings. 
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(a)  Aspect  ratio  4. 

Figure  16.-  The  variation  of  drag  due  to  lift  parameter  with 

Mach  number. 
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(c)  Aspect  ratio  2. 
Figure  16.-  Concluded. 
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(c)  Taper  ratio  0.20. 
Figure  18  r Concluded. 
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(a)  Aspect  ratio  4. 

Figure  /9.-  The  variation  of  pitching-moment-curve 
slope,  at  zero  lift,  with  Mach  number  for  the 
wing-body  combinations. 
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(b)  Aspect  ratio  3. 
Figure  !9 Continued. 
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(c)  Aspect  ratio  2. 
Figure  !9.  - Concluded. 
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